Objective: To evaluate the relationship between the use of zolpidem and subsequent cancer risk in Taiwanese patients. Methods: We used data from the National Health Insurance system of Taiwan to investigate whether use of zolpidem was related to cancer risk. For the study cohort, we identified 14,950 patients who had received a first prescription for zolpidem from January 1, 1998, through December 31, 2000. For each zolpidem user, we selected randomly 4 comparison patients without a history of using zolpidem who were frequency-matched by sex, age, and year of the index date. Incidence rates of all cancers and selected site-specific cancers were measured by the end of 2009, and related hazard ratios (HRs) and 95% confidence intervals (CIs) of the cancer were measured as well. Results: The risk of developing any cancer was greater in patients using zolpidem than in nonusers (HR, 1.68; 95% CI, 1.55-1.82). The stratified analysis showed that the overall HR for high-dosage zolpidem (Ն300 mg/y) was 2.38. The site-specific cancer risk was the highest for oral cancer (HR, 2.36; 95% CI, 1.57-3.56), followed by kidney cancer, esophageal cancer, breast cancer, liver cancer, lung cancer, and bladder cancer (HR, 1.60; 95% CI, 1.06-2.41). Men were at higher risk than women. Conclusion: This population-based study revealed some unexpected findings, suggesting that the use of zolpidem may be associated with an increased risk of subsequent cancer. Further large-scale and in-depth investigations in this area are warranted. 1 Studies conducted in various countries have reported that approximately 30% of their adult samples report one or more of the symptoms of insomnia.
Zolpidem (Ambien, Stilnox) is a nonbenzodiazepine hypnotic drug prescribed for the short-term treatment of insomnia. A single-blind trial published in 1991 reported on the nightly use of zolpidem for up to 6 months; the authors concluded that 10 mg/d is an appropriate starting dose and is effective and safe for the treatment of sleep disturbances of various origins. 5 Generally, because of zolpideminduced amnesia for sleep disturbances, this popular drug is thought to produce a patient's subjectively better quality of sleep without the evident adverse effects that usually accompany hypnotics. The risk of abuse and tolerance is low when zolpidem is used as directed. [6] [7] [8] Common adverse effects include nausea or vomiting, amnesia, headache, hallucinations, and short-term memory loss. A number of users have reported sleepwalking. 9 An early animal study found that rats that were administered high doses of zolpidem developed renal, thyroidal, and testicular cancers. 10 However, information is scarce on the possible relationship between the use of zolpidem and the risk of developing certain types of human cancer, and no firm conclusions can be drawn from the limited literature. 11, 12 Researchers recognize that many adverse effects, drug interactions, and effectiveness are difficult to detect before drugs are approved and may become evident only after the drug has been used by millions of people for a long time. Because zolpidem remains the market leader, 11 a small magnitude of hazard could have important clinical implications and would be of interest to the general public and the medical profession. A large, population-based study may help clarify this controversy. To that end, we evaluated the relationship between the use of zolpidem and subsequent cancer risk in Taiwanese patients.
METHODS

National Health Insurance Research Database
Details of Taiwan's National Health Insurance (NHI) population-based cohort database, called the NHI
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Research Database (NHIRD), have been published previously. 13 Briefly, the NHI program began in March 1995 and incorporated 13 insurance programs that provided health care to 99% of the Taiwanese population. The program contracted with 97% of the hospitals and clinics on the island, and it provides comprehensive medical services, including outpatient and inpatient care, dental care, physical therapy, preventive care, and prescriptions. The National Health Research Institute (NHRI) has been responsible for the administration of the NHIRD. The NHRI released the claims data of 1 million patients (approximately 5% of Taiwan's entire population), randomly selected from all insurants registered between 1996 and 2009, for inclusion in the database. The NHRI reported that no statistically significant differences were found in the distributions of age, sex, or health care expenditures between the subset of the NHIRD and all enrollees. The diagnoses recorded in the database were coded using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). All data files were linked with scrambled identifications to secure insured privacy. This study was exempted from ethical review.
Study Participants and Follow-up
For the study cohort, we identified 15,628 patients who had received a first prescription for zolpidem from January 1, 1998, through December 31, 2000. Patients who had received zolpidem before 1998 were excluded. We used the date on which the zolpidem treatment was first commenced as the index date. We excluded patients with a history of malignant cancer before receiving zolpidem treatment or those for whom the data on sex or age were missing (678 patients were excluded for these reasons). For each of the remaining 14,950 patients taking zolpidem, we randomly selected 4 insured people in the comparison cohort without zolpidem treatment, frequency-matched for sex, age (every 5 years), and year of the index date. The comparison group included 59,799 patients. Both cohorts were followed up until the end of 2009. The mean follow-up durations for the nonzolpidem and zolpidem groups were 8.93 (SD, 2.72) years and 8.62 (SD, 2.97) years, respectively (PϽ.0001). The NHIRD did not provide death data of insurants. The difference of follow-up duration is only 0.31 year, but it is statistically significant because of large sample sizes.
Patient comorbidities at baseline were identified, and we also noted whether they had been prescribed a benzodiazepine dose greater than the median dose (Ͼ5 mg). Comorbidities included diabetes mellitus (ICD-9-CM code 250), hypertension (ICD-9-CM code 401-405), hyperlipidemia (ICD-9-CM code 272), sleep disorder (ICD-9-CM codes 307. 4 and 780.5), sleep apnea syndrome (ICD-9-CM codes 780.51, 780.53, and 780.57), anxiety (ICD-9-CM codes 300.0, 300.2, 300.3, 300.83, and 309.81), depression (ICD-9-CM codes 296.2, 296.3, 300.4, and 311), alcoholism (ICD-9-CM codes 303 and 305.0), and obesity (ICD-9-CM code 278.0).
Each study patient was tracked until one of the following conditions was met: a diagnosis of malignant cancer (ICD-9-CM codes 140-208), follow-up was censored at the time of loss to follow-up, death, the patient withdrew from the NHI, or the follow-up period elapsed (on December 31, 2009). general and that of site-specific cancers, including oral, esophageal, stomach, colorectal, liver, lung, breast, cervix, prostate, endometrium, bladder, and kidney cancers. We further stratified zolpidem by annual dosage taken to estimate the cancer risk associated with taking zolpidem alone and with both zolpidem and benzodiazepine. Zolpidem dosage levels were categorized into none, 1 to 29 mg/y, 30 to 299 mg/y, and more than 300 mg/y. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated in the model. The cancer-free proportions of the 2 groups were estimated using the Kaplan-Meier method and compared by using a log-rank test. All analyses were performed using SAS statistical software, version 9.1 (SAS Institute Inc, Cary, NC); the statistical significance level was set at .05. Table 1) . Table 2 presents the adjusted HRs of overall cancer risk and site-specific cancer risk associated with zolpidem use for each sex. The HR of overall cancer for patients using zolpidem was 1.68 (95% CI, 1.55-1.82), compared with patients not using zolpidem. A Kaplan-Meier analysis showed that the cancer-free rate was significantly lower in the zolpidem cohort than in the nonzolpidem cohort (logrank PϽ.0001; Figure) .
Statistical Analyses
RESULTS
The specific analyses by cancer type showed that patients using zolpidem were at the highest risk of developing oral cancer (HR, 2.36; 95% CI, 1.57-3.56), followed by kidney cancer (HR, 2.18; 95% CI, 1.41-3.36), and esophageal cancer (HR, 1.95; 95% CI, 1.07-3.55) ( Table 2 ). The stratified analyses by sex are also given in Table 2 . The interactions between zolpidem use and other risk factors in Cox proportional hazards regression after controlling for age and sex by each risk factor are presented in Table 3 . Compared with the nonzolpidem, nonbenzodiazepine cohort, the zolpidem cohort (both with and without benzodiazepine use) had an increased HR for cancer; the risk was highest for patients using both zolpidem and benzodiazepine (HR, 1.73; 95% CI, 1.59-1.88) (Table 3). When accounting for the interactions between zolpidem and other risk factors, the zolpidem cohort had a significantly higher HR (PϽ.01) for cancer than the nonzolpidem cohort for all the risk factors except obesity (Pϭ.18) ( Table 3) .
The interaction among different dosage levels of zolpidem and combined use of benzodiazepine was examined. Table 4 indicates that, compared with the subgroup without benzodiazepine combined use, the HRs of cancer increased with zolpidem dosage (HR, 3.15; 95% CI, 2.25-4.41; for 30-299 mg/y; HR, 6.24; 95% CI, 4.13-9.43; for Ն300 mg/y) but decreased to 2.64-fold (95% CI, 2.34-2.99) and 3.30-fold (95% CI, 2.91-3.75) risks for 30 to 299 mg/y and 300 mg/y or more, respectively, when with combined benzodiazepine use.
DISCUSSION
The results of this population-based cohort study demonstrate significant associations between the use of zolpidem and the increased risk for overall cancer, as well as oral, liver, lung, breast, esophageal, bladder, and kidney cancers. These unexpected findings may arouse public interest regarding safety issues in zolpidem use.
According to the Taiwan Cancer Registry, since 1982 cancer has been the leading cause of death among the general population in Taiwan. The ageadjusted incidence rate has increased steadily, and in 2007 it reached 270 new cases per 100,000 people.
14 However, data from Surveillance Epidemiology and End Results indicate a different trend, with overall cancer incidence rates reportedly decreasing by 0.7% per year between 1999 and 2006 for all racial and ethnic groups combined. 15 Because this issue continues to be a challenge for public health in Taiwan, it has gained the attention of the government; the result has been more population-based investigations regarding cancer preventive epidemiology. The NHI program provides adequate data for such studies because of its comprehensive health coverage. The NHIRD contains ambulatory service records, hospital service records, and prescription claim data. It allows researchers to select specific study groups and matched comparison groups, with ensured representation of the underlying population groups. We recently used NHIRD data to evaluate the risk of malignant tumors in patients with end-stage renal disease and found some positive risk. A report on this study has been previously published. 16 The current study used a similar design to determine whether zolpidem use relates to the risk of cancer.
To the best of our knowledge, the current study was the first population-based study of zolpidem users in Taiwan (Nϭ14,950 patients). To create a comparison group, we randomly matched each zolpidem user with 4 people from the general population who did not use zolpidem.
As is the case with benzodiazepine use, the probability of a patient using zolpidem increased with age, female sex, and concomitant use of other psychotropics 17, 18 ; our results confirmed this pattern. Kripke 11, 19, 20 has extensively studied the association between hypnotics and cancer risk, and his published work addresses this issue. On the basis of epidemiological data and laboratory studies, Kripke suggests that new hypnotics may increase cancer risk.
Zolpidem use appeared to promote viral infections, which may have indicated suppression of the immune function. Either immunosuppression or viral infections might increase cancer development. 11, 20 Cancers known to be related to viral infections include oral, liver, and cervical cancers. [21] [22] [23] Our results demonstrate that zolpidem users have a significantly higher rate of subsequent oral and liver cancer development but not cervical cancer. One possible reason to explain this finding is the effect of national cancer screening. Cervical, oral, breast, prostate, and colorectal cancers are the main targets of Taiwan's free cancer screening program. We assumed that zolpidem users visit physicians relatively frequently and would be screened for cancer whenever necessary. Regarding the carcinogenesis of cervical cancer, cervical intraepithelial neoplasia (CIN) and carcinoma in situ (CIS) lesions are known to precede the development of invasive cancer. Frequent Papanicolaou smear examinations would detect cervical CIS, CIN, and dysplasia, enabling the patient to receive treatment before the disease progresses into invasive cancer. We did not include CIN and CIS as end points for cervical cancer, and this omission may have decreased the number of cases of invasive cervical cancer that we extracted from the database.
The cancer screening effect also partially applies for oral and breast cancers, which showed significantly higher rates in zolpidem users. More cancers can be detected if more frequent cancer screening is conducted among users of zolpidem. Prostate and colorectal cancers, however, did not show any significant difference between zolpidem users and nonusers.
Zolpidem can reduce the arousal response to nocturnal acid exposure and can also increase the duration of each esophageal acid reflux event. Patients with gastroesophageal reflux disease who take zolpidem thus experience significantly higher esophageal exposure to gastric acid, which increases the likelihood of developing esophageal cancer. 12 Our data support this theory, and analysis revealed a significantly higher rate of esophageal cancer among zolpidem users. Other cancers that had significantly higher rates in zolpidem users than nonusers were lung, bladder, and kidney cancers. To date, we do not have any biological hypotheses to explain these associations.
Zolpidem users may also take benzodiazepine; thus, benzodiazepine may also be associated with cancer risk. In addition, sleep disorder may be associated with cancer risk. We wanted to investigate whether the relationship between zolpidem use and cancer risk may actually arise from an interaction between zolpidem and other risk factors. Table 3 clarifies this concern and shows that zolpidem independently increases the overall cancer risk. The dose level of zolpidem also plays an important role. As indicated in Table 4 , higher doses of zolpidem were associated with greater cancer risk, especially for patients who took zolpidem without taking benzodiazepine. Table 4 indicates that the group receiving benzodiazepine plus zolpidem had a lower HR than the group receiving zolpidem alone at higher zolpidem dosages (30-299 and Ն300 mg/y but not for the lower zolpidem dosage [1-39 mg/y]). Therefore, the data in Table 4 should be considered cautiously because the zolpidem-only groups are too small and their HRs are implausible. In addition, complex drug interaction is a possible explanation. Some readers may suspect reverse causality, which would imply that patients who are already at risk for cancer may have a greater tendency to start using zolpidem than those not at risk for cancer. To clarify this concern, we used the Kaplan-Meier method without adjusting for sex, age, and comorbidity to evaluate it. There was no time lag between the 2 groups (zolpidem vs nonzolpidem). We found that the cancer-free proportion of patients treated with and without zolpidem differed significantly over time (Figure) . This finding indicates that cancer risk increases in conjunction with the length of time of zolpidem use; thus, reverse causality seems unlikely.
The current study had some limitations that need to be addressed. First, information on smoking habit, alcohol consumption, body mass index, and family history of cancer was unavailable from the NHIRD. All of these are risk factors for multiple cancers and could plausibly also be associated with zolpidem use. The current study cannot control these possible confounders. However, we have included obesity and alcoholism as risk factors in the models and adjusted for them in the analyses. Second, the organ-specific pattern of cancer occurrence does not appear to correspond to any biological hypothesis of zolpidem action. We think it likely that our findings in part reflect a healthy nonuser effect (ie, those with healthier lifestyles and behaviors may be less likely to require zolpidem treatment or may be more likely to address such problems with nonpharmacological approaches). Third, evidence derived from any cohort study is generally less than that from randomized trials because a cohort study design is subject to many biases related to confounding adjustment. Despite our meticulous study design with adequate control of confounding factors, a key limitation is that bias could still remain if there are unmeasured or unknown confounders. Fourth, the diagnoses in NHI claims primarily serve the purpose of administrative billing and do not undergo verification for scientific purposes. We were unable to contact the patients directly regarding their use of zolpidem because of the anonymity of the identification numbers. In addition, prescriptions issued before 1996 for the drugs under study were not reflected in our analysis. This omission could have underestimated the cumulative dosage and may have weakened the observed association. Fifth, comorbidities were detected between 1998 and 2009. Because the comorbidities do not necessarily precede the use of zolpidem or benzodiazepine, they may be caused by zolpidem and benzodiazepine. This raises a question of whether control for comorbidities incident after zolpidem use is commenced may produce overcontrol and thus underestimation of causal associations. Overcontrol may be a conservative statistical choice. Finally, it is difficult to explain why the HR appears lower when any additional risk factor, except for alcoholism and benzodiazepine, is combined with the risk of zolpidem. Some undetermined mechanisms or intrinsic limitation of this study may lead to the results. Apart from these potential problems, the data on zolpidem prescription and cancer diagnosis were highly reliable.
CONCLUSION
This population-based, retrospective cohort study found that the use of zolpidem is significantly associated with an increased risk for overall cancer, as well as some individual cancers. The general population may be surprised by these unexpected findings, the reasons for which remain unclear. Our findings would require confirmation by further large, population-based, unbiased studies before any firm conclusions can be drawn.
